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of a complete K-ary linking pin structure of K=2 and H=5. In Fig.1 This model gives us an optimal level when we add relations in one level to the organization structure which is a complete K-ary linking pin structure of height H, but this model cannot be applied to adding relations in two or more levels. This chapter expands the above model into the model of adding relations in two levels to the organization structure, which is that of adding edges between every pair of nodes at each depth of two depths to a complete binary (K = 2) linking pin structure of height H(H = 3, 4, …). If l i, j (= l j, i ) denotes the distance, which is the number of edges in the shortest path from a node v i to a node v j (i, j = 1, 2, …, 2 H+1 -1) in the complete binary linking pin structure of height H, then Σ i<j l i, j is the total distance. Furthermore, if l' i, j denotes the distance from v i to v j after adding edges in this model, l i, j -l' i, j is called the shortening distance between v i and v j , and Σ i<j (l i, j -l' i, j ) is called the total shortening distance. In Section 2 for the model of adding relations in one level we show formulation of a total shortening distance and an optimal depth which maximizes the total shortening distance. In Section 3 for the model of adding relations in two levels we formulate a total shortening distance and obtain an optimal pair of depths which maximizes the total shortening distance.
A model of adding relations in one level
This section shows an optimal depth L* by maximizing the total shortening distance, when edges between every pair of nodes at one depth L(L = 2, 3, …, H) are added to a complete binary linking pin structure of height H(H = 2, 3, …) (Sawada, 2008) .
Formulation of total shortening distance
Let σ H (L) denote the total shortening distance, when we add edges between every pair of nodes with a depth of L. The total shortening distance σ H (L) can be formulated by adding up the following three sums of shortening distances: (i) the sum of shortening distances between every pair of nodes whose depths are equal to or greater than L, (ii) the sum of shortening distances between every pair of nodes whose depths are less than L and those whose depths are equal to or greater than L and (iii) the sum of shortening distances between every pair of nodes whose depths are less than L. The sum of shortening distances between every pair of nodes whose depths are equal to or greater than L is given by
where W(h) denotes the number of nodes of a complete binary tree of height h(h = 0, 1, 2, …). The sum of shortening distances between every pair of nodes whose depths are less than L and those whose depths are equal to or greater than L is given by
and the sum of shortening distances between every pair of nodes whose depths are less than L is given by 
Since the number of nodes of a complete binary tree of height h is 
for L = 2, 3, …, H-1. Let us define x as 2,
which is a quadratic function of the continuous variable x. By differentiating τ L (x) in Eq. (11) with respect to x, we obtain ( ) ( )
and
From the above results, the optimal depth of this model is L* = H. Table 1 shows the optimal depths L* and the total shortening distances σ H (L*) in the case of H=2, 3, …, 20.
Numerical examples

A model of adding relations in two levels
This section obtains an optimal pair of depths (M, N)* by maximizing the total shortening distance, when edges between every pair of nodes with depth M(M = 2, 3, …, H-1) and those between every pair of nodes with depth N(N = M+1, M+2, …, H) which is greater than M are added to a complete binary linking pin structure of height H(H = 3, 4, ……). Let V 1 denote the set of nodes whose depths are less than M. Let V 2 denote the set of nodes whose depths are equal to or greater than M and are less than N. Let V 3 denote the set of nodes whose depths are equal to or greater than N. The sum of shortening distances between every pair of nodes in V 3 is given by
Formulation of total shortening distance
from Eq.(1). The sum of shortening distances between every pair of nodes in V 3 and nodes in V 1 and V 2 is given by
from Eq.(2). The sum of shortening distances between every pair of nodes in V 1 is given by
from Eq.(3), and the sum of shortening distances between every pair of nodes in V 1 and nodes in V 2 is given by
from Eq.(2). The sum of shortening distances between every pair of nodes in V 2 is formulated as follows. The sum of shortening distances between every pair of nodes in each linking pin structure whose root is a node with depth M is given by 
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Conclusions
This study considered obtaining optimal depths of adding edges to a complete binary linking pin structure where every pair of siblings in a complete binary tree is adjacent maximizing the total shortening distance which is the sum of shortening lengths of shortest paths between every pair of all nodes in the complete binary linking pin structure. This means to obtain optimal levels of adding relations to a linking pin organization structure in which relations between members of the same section are added to the pyramid organization structure such that the communication of information between every member in the organization becomes the most efficient. For the model of adding edges between every pair of nodes at one depth L to a complete binary linking pin structure of height H, we had already obtained an optimal depth L* = H in our paper (Sawada, 2008) . This result shows that the most efficient way of adding relations between all members in one level is to add relations at the lowest level, irrespective of the number of levels in the organization structure. This chapter expanded the above model into the model of adding relations in two levels of the organization structure, which is that of adding edges between every pair of nodes with depth M and those between every pair of nodes with depth N which is greater than M to a complete binary linking pin structure of height H. We obtained an optimal pair of depth (M, N)* = (H-1, H) which maximizes the total shortening distances. In the case of H = 5 illustrated with the example in Fig.1 an optimal pair of depths is (M, N)* = (4, 5). This result means that the most efficient manner of adding relations between all members in each level of two levels is to add relations at the lowest level and the second lowest level, irrespective of the number of levels in the organization structure.
